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Description 

The present invention relates to methods for the preparation of improved aqueous solutions of metal 
ion/chelator/antibody conjugates and to kits for carrying out the methods, such conjugates being useful in a 

5 variety of diagnostic and therapeutic techniques. 

In recent years significant progress has been made in efforts to produce pharmaceutical agents 
comprising conjugates of radioisotopic and other metal ions with monoclonal antibodies. The ability of 
monoclonal antibodies to bind with high specificity to selected antigenic epitopes provides a means by 
which specified metal ions may be selectively directed to target tissues. Conjugates of radioisotopic metal 

w ions with monoclonal antibodies capable of selective binding with tumor and other disease associated 
antigens are contemplated to be of particular utility for use in diagnostic imaging and radiotherapy protocols 
for the diagnosis and treatment of conditions such as cancer. 

Where antibody-metal ion conjugates are to be used for the therapeutic delivery of cytotoxic radiation 
the metal is generally selected from a beta-particle emitter such as yttrium. Order, et al. , Int. J. Radiation 

75 Oncology Biol. Phys., 12 277-81 (1986) describes treatment of hepatocellular cancer with antiferritin 
polyclonal antibodies to which 90 yttrium has been chelated. Buchsbaum, et al. , Int. J. Nucl. Med. Biol., Vol. 
12, No. 2, pp. 79-82, 1985 discloses radiolabelling of monoclonal antibodies to CEA with 88 yttrium and 
suggests the possibility of localization and treatment of colorectal cancers therewith. Nicolotti, EPO 
Application No. 174,853 published March 19, 1986, discloses conjugates comprising metal tons and 

20 antibody fragments. According to that disclosure, monoclonal antibodies of subclass IgG are enzymatically 
treated to remove the Fc fragment and reductively cleavege the disulfide bond linking the antibody heavy 
chains. The Fab' fragment is then linked to a chelating agent bound to a radionuclide metal ion for in vivo 
diagnostic or therapeutic use. 

Where antibody conjugates are to be used for diagnostic radioimaging (radioimmunoscintigraphy) 

25 purposes a gamma emitting radioisotope is preferably selected. Goldenberg, et al. , N. Eng. J. Med., 298 , 
1384-88 (1978) discloses diagnostic imaging experiments wherein antibodies to the known tumor associated 
antigen carcinoembryonic antigen (CEA) are labelled with 131 iodine and injected into patients with cancer. 
After 48 hours, the patients are scanned with a gamma scintillation camera and tumors are localized by the 
gamma emission pattern. Gansow, et al„ U.S. 4,454,106 discloses the use of monoclonal antibody/metal ion 

30 conjugates for in vivo radioimaging diagnostic methods. 

U.S. Patent No. 4,472,509, Gansow, et al. , discloses the use of diethylenetriaminepentaacetic acid 
(DTPA) chelating agents for the binding of radiometals to monoclonal antibodies. The patent is particularly 
directed to a purification technique for the removal of non-bonded and adventitiously bonded (non-chelated) 
metal from radiopharmaceuticals but is illustrative of art recognized protocols for preparation of radioisotopic 

35 pharmaceuticals. According to such general procedures, an antibody specifically reactive with the target 
tissue associated antigen is reacted with a quantity of a selected bifunctional chelating agent having protein 
binding and metal binding functionalities to produce a chelator/antibody conjugate. In conjugating the 
antibodies with the chelators an excess of chelating agent is reacted with the antibodies, the specific ratio 
being dependent upon the nature of the reagents and the desired number of chelating agents per antibody. 

40 Gansow, et al. , disclose chelator to antibody ratios of 100:1 to 600:1 as being particularly useful according 
to one system for achieving from about 0.5 to 1.5 bound chelators per molecule. The reference cautions, 
however, that care must be taken not to add so many chelators per antibody molecule so as to adversely 
affect the immunoreacttvity of the antibody. After conjugation of the chelators with the antibodies, the 
reaction mixture is purified to remove excess decomposed chelator. The Gansow reference discloses 

45 purification by dialysis of the conjugate mixture over a 48 hour period against three changes of solution 
comprising 50 mM citrate and 200 mM sodium chloride with 1 ml of gel resin. The reference also discloses 
an optional first dialysis step which may be carried out against a dilute sclution of ascorbic acid (30 mM) 
and ethylenediaminetetraacetic acid (EDTA) chelating agent (5 mM) "to remove any residual iron which 
may be present in the chelate or the protein." 

so The purified chelator/antibody conjugate may then be conjugated with the active metal label or stored 
until later use. A solution of metal label is obtained from a source such as a radioisotope generator or 
accelerator according to known methods. Metal chelation is then carried out in an aqueous solution with 
pHs generally ranging from about 3.2 to about 9 so as not to impair the biological activity or specificity of 
the antibodies. Weakly chelating acids and bases such as citric acid and glycine are employed as buffers. 

55 The metal ions are generally introduced in the form of metal salts such as metal halides, nitrates or 
perchlorates with chlorides being particularly preferred. The reference suggests that the metal salt be 
employed in as high a concentration as is practicable although it notes that when radioactive metals are 
used, health and safety considerations recommend use of a metal concentration below one equivalent of 
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metal per chelate binding site. 

Gansow, et al. , state that metal ion/chelator/antibody conjugates so prepared will generally require 
purification prior to their administration in vivo in order to remove free and adventitiously bonded metal. The 
patent discloses various techniques involving a combination of ion exchange and gel filtration chromatog- 

s raphy. A preferred procedure involves passing an aqueous solution containing the conjugate through a 
chromatography column with two layers, a first layer selected from a group consisting of an anion exchange 
resin, a cation exchange resin and a chelating ion exchange resin and a second layer comprising a sizing 
matrix. Such a procedure is said to result in solutions which showed less than a six percent (6%) loss of 
indium when dialyzed against a buffer comprising 20 mM 2-(N-morphoiino)ethane sulfonic acid) (MES) and 

io 200 mM sodium chloride at pH 6.0. 

Numerous variations on the general methods disclosed above are known for the covalent labelling of 
antibodies and antibody fragments with metal chelating moieties. Such methods include those whereby the 
labelling proceeds via a mixed anhydride as disclosed by Krejcarek et al„ Biochem. Biophys. Res. 
Commun., 77, 581 "(1977), via a bicyclic anhydride as described by Hnatowich, et al. , J. Immunol. Methods. 

;s 65, 147 (1983) or via an active ester as described by Paxton, et al. , Cancer Res., 45, 5694 (1985). 

Such metal chelate labeled antibodies have been administered to patients in a variety of studies and 
certain properties have beccme recognized in the art as characteristic of the behavior of these conjugates in 
humans. The most common observation has been that metal chelate labeled antibodies accumulate in the 
liver to a greater extent than do antibodies labeled with a non-metallic isotope such as iodine-131 (Larson et 

20 al, Nucl. Med. Biol., 15, 231 (1988)). This phenomenon constitutes the most important limitation on the 
clinical utility of metal labeled antibodies, as it frequently prevents the detection of tumor deposits in the 
liver, which is a major site of metastatic spread in many types of cancer (Larson et al, Nucl. Med. Biol., 15, 
231 (1988); Beatty et al, Cancer Res., 46, 6494 (1986); Beatty et al, J. Surg. One, 36. 98 (1987); Abdel-Nabi 
et al, Radiology, 164, 617 (1987)). Other characteristics relate to the pharmacokinetic properties of metal 

25 chelate labeled antibodies. A common observation has been that antibodies exhibit biphasic serum 
clearance kinetics, with relatively rapid disappearance of a fraction of the injected dose of radioactivity 
(termed the a-phase) followed by a much slower clearance of the remaining activity (called the 0-phase) 
(Hnatowich et. al, J. Nucl. Med., 26, 849 (1985); Murray et al Cancer Res., 48, 4417 (1988); Murray et al., J. 
Nucl. Med.. 28, 25 1987)). The volume of distribution of the injected radioactivity often exceeds the plasma 

30 volume of the patient and both serum clearance (t 1/2 ) and the volume of distribution are often dependent on 
the dose of antibody administered. (Murray et al, Cancer Res., 47. 4417 (1988); Carrasquillo et al, J. Nucl. 
Med., 29, 39 (1988)). The sensitivity of detection of tumor sites has similarly shown a dose dependence 
(Carrasquillo et al, J. Nucl. Med., 29 39 (1988); Abdel-Nabi et al, Radiology. 164, 617 (1987)). These data 
indicate that the injected labeled immunoglobulin does not remain solely in the plasma compartment, in 

35 which case monophasic serum kinetics and a volume of distribution that approximates the plasma volume 
would be expected, but rather distributes into additional compartments representing non-specific accumula- 
tion of antibody in non-target organs such as liver. These compartments are in some cases saturable, and 
hence the observed dose dependence. Multi-corn partmental kinetic models of antibody biodistribution in 
humans have been constructed (Egan et al , Cancer Res., 47, 3328 (1987)). 

40 The methods of Gansow, et al. , as are those of other workers in the field, are controlled by several 
purity related concerns relating to the preparation of metal ion/chelating agent/antibody conjugates for in 
vivo administration. It is axiomatic that the quantity of active metal (as distinguished from other metal 
impurities present in the conjugate solution in either free, adventitiously bound or chelated form) delivered 
to target tissues be maximized. It is similarly the case that the quantity of active metal delivered to non- 
45 target tissues be minimized. In diagnostic imaging protocols this is the case as a consequence of the desire 
to minimize background signals. In cytotoxic radiotherapy protocols, this is a consequence of concerns 
relating to cytotoxic effects on non-target tissues. An additional concern relates to the desire that the 
quantity of antibody conjugates be minimized in these protocols in order to minimize the antigenic effects of 
in vivo introduction of protein. 

so The goal of directing a maximum quantity of active metal to the target tissue is affected by a number of 
factors. Foremost of these factors are the specificity and activity of the antibody. The antibody or antibody 
fragment upon which the conjugate is based must have high binding activity and selectivity for the target 
antigen. In addition, the antigen to which the antibody is specifically targeted must be selected such that the 
antigen has a high specificity for the tissue to be targeted as exposed to other tissues. 

55 Given an antigen that is highly specific for the target tissue and an antibody with high activity and 
selectivity for that antigen, it is then a significant concern that the immunoreactivity cf the antibody making 
up the conjugate not be diminished by virtue of some chemical alteration occurring during the process of 
forming the chelator/antibody conjugate or in the metal chelating step. Chemical alteration resulting in 
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partial or total loss of immunological activity may occur as a consequence of high temperature, extremely 
acidic or alkaline pH or other chemical treatment. Such alteration may, in the extreme, result in denaturation 
of the antibody molecule. Alteration less extreme than denaturation may occur where the protein binding 
groups of Afunctional chelating agents react and link with amino acid residues or with giycosylation on the 

5 antibody molecules in such a manner that the specific binding regions of the antibody are altered or 
sterically blocked. The higher the chelator to antibody substitution level in any given chelator/antibody 
system, the greater the likelihood that such loss of immunoreactivity will occur. 

A corollary to the desire to maximize the delivery of the active metal to the target tissue is the desire to 
minimize the delivery of the active metal to nontarget tissue. It is the case that active metal which goes to 

jo target tissues is almost invariably bound by means of a chelating agent to an antibody specific for that 
tissue. By contrast, the bulk of active metal which is delivered to nontarget tissues is free metal, metal 
which was covalently bound to an antibody which was not delivered to the target tissue or adventitiously 
bound metal which became free of the antibody in vivo. Active metal which is adventitiously bound or free 
in solution will frequently, upon administration to the patient, become rapidly bound to serum transferrin and 

is be subsequently distributed primarily to the liver and bone marrow leading to undesirable nontarget 
accumulation of the radiometal. The presence of free metal in radioisotopic preparations for administration 
in vivo is of particular concern where the toxic effects of concentrating such metals at the liver and other 
nontarget organs stands to present major limitations to the use of such radioisotopic pharmaceuticals. 

With respect to any preparation for administration in vivo it is particularly desired to minimize the 

20 quantity of antibodies utilized to deliver a quantity of active metal. This results from concerns related to the 
antigenicity of the antibodies and antibody fragments used to deliver active metals and the possibility of 
immune reactions to the pharmaceutical preparation itself. Efforts to minimize the quantity of antibodies 
introduced by increasing the quantity of metal ions bound to each antibody tend to be limited by the 
tendency of antibodies to denature or lose specific binding activity at elevated levels of chelating agent 

25 substitution. 

A significant factor bearing on the various concerns recited above relates to the extremely high 
concentrations of impurities found in radiometal preparations available for conjugation with chelator/antibody 
conjugates. Of interest to the present invention is the disclosure of Hnatowich, et al., J. Immunol. Methods, 
65, 147 (1983) which states that an antibody/chelator composition with a 1:1 chelator to antibody ratio and 

30 labelled with to a typical specific activity used clinically of 25 mCi/mg has only 4% of the available chelating 
sites occupied by indium-1 1 1 atoms. The metal impurities present at elevated levels in available radiometal 
preparations effectively compete against the active label metals for binding sites on the chelator/antibody 
conjugates. The presence of such impurities mandates the use of chelator/antibody conjugates in quantities 
far greater than would be required to simply chelate a given amount of the pure metal label. The 

35 requirement of adding increased quantities of metal solution to assure chelation of a specified amount of 
active metal is undesirable because to do so results in the presence of greater quantities of free and 
adventitiously bonded metal which must generally be chelated or removed from the conjugate solution prior 
to administration in vivo. Use of greatly increased quantities of the chelator/antibody conjugates to chelate 
sufficient label is also undesirable because of the increased antigenicity of the administered dose. 

40 Efforts to purify radiometal solutions prior to chelation with the conjugate solution have been disclosed 
as have been efforts to reduce the extent of prelabelling chelation of free chelator groups in the 
chelator/antibody conjugate. Meares, et al. , Anal. . Biochem., 142, 68 (1984) discloses the preparation of 
bifunctional EDTA analogues bearing isothiocyanate and bromoacetamide derivatives as substrate reactive 
groups. The chelator/antibody conjugates were labelled with indium-1 1 1 and other metal ions. The reference 

45 discloses the use of elaborate precautions to minimize metal contamination when performing the conjugate 
forming and coupling procedures. Such precautions include the use of high purity water, metal-free buffer 
salts and acid-washed glassware and are useful for limiting the concentration of metal contaminants which 
compete for chelating sites with the desired metal. The reference also discloses the purification of 
commercially available in lnCI 3 solutions by anion-exchange chromatography to remove many of the 

so contaminating metals present in the commercially available solution. 

According to one procedure, Meares, et al. , discloses preparation of the bromoacetamide analog of 
EDTA and its reaction with a mouse monoclonal anti-transferrin receptor antibody solution at a 10:1 molar 
ratio. After incubation at 37 • C for two hours, the reaction mixture was removed and applied to a Sephadex 
G-50-80 centrifuge column prepared with 0.1 M ammonium citrate (pH 6) and a gel filtration step was 

55 carried out to remove unbound chelator. The purified chelator/antibody product had a concentration of 9.5 x 
10~ 5 M which with a chelator/antibody ratio of 1.3:1 provided a chelator concentration of 1.24 x 10 _i M. 

Carrier-free in indium stock solutions were prepared by adding to an ammonium citrate buffer solution 
an "MnCh solution which had been purified by treatment in a Bio-Rad AGI-X4 anion exchange column 
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equilibrated with 2 M HCI. Two 10 ul aliquots of the 11 'indium solution were mixed with 5 ul aliquots of the 
EDTA/antibody solution and allowed to incubate for periods of time ranging from 5 to 80 minutes. An EDTA 
challenge procedure was carried out against samples of the indium/chelator/antibody conjugates in order to 
scavenge any free or adventitiously bound metal from the conjugate solution. One ul aliquots of the 

5 conjugate solutions were contacted with 5 ul aliquots of a 10 mM solution of Na2 EDTA challenge solution. 
The solutions so treated were then subjected to a thin layer chromatography (TLC) procedure by which 
antibody-bound metal was separated from free and chelator bound metal in order to determine the quantity 
of nonspecifically bound indium. The reference reported that the amount of unbound indium being 
transported on the TLC plate was only 3 to 5% of the total indium thus indicating that the radiochemical 

zo yield of the metal chelation procedure was 95 to 97%. 

Meares, et al. , state that in procedures where the metal ion is to be added last after preparation of the 
antibody/chelator conjugate that it is preferred that the concentration of protein bound chelating groups be 
greater than 10~ s M in order that the added metal ions may be bound quickly and quantitively. The 
reference states that with antibody concentrations in excess of 15 mg/ml (10~ 4 M) that the preferred 

;s conditions may be achieved. 

Goodwin, et al. , J. Nuc. Med., 26, 493-502 (1985) discloses further work of the Meares group wherein 
bromoacetamidobenzyl-EDTA was conjugated to mouse monoclonal antibodies specific for the mouse 
major histocompatibility complex alloantigen IA k according to the method of Meares, et al . described earlier. 
The antibodies are present at a concentration of 1.5 x 10~ 4 M which with a chelator to antibody ratio of 

20 3.3:1 resulted in a 5 x 10~* M concentration of chelators. 

Radiolabelling was performed by combining small (10 to 50 ul) aliquots of the antibody/chelator 
conjugate with 50 ul aliquots of purified 111 indium citrate at pH 5.0. Chelation of the indium to the 
chelator/antibody conjugate was said to go to completion in less than 5 minutes. The reference indicated 
that the indium label could not then be removed from the conjugate even with a greater than thousand-fold 

25 challenge with EDTA. Labelling efficiency and radio-chemical yield were measured by the EDTA chal- 
lenge/thin layer chromatography procedure of Meares, et al. which indicated radiochemical yields ranging 
from 85 to 95%. In some experiments unbound metal was complexed with an EDTA chase. In other 
experiments, the indium/chelator/antibody solution containing unbound metal was diluted in phosphate 
buffered normal saline containing 0.1% human serum albumin, 0.1 M sodium citrate and 0.01 M EDTA 

30 which bound free metal but was not removed prior to intravenous injection. It is understood that the theory 
behind the addition of unconjugated chelators to the solution is that such agents will chelate with free and 
adventitiously bound metals and that the resulting chelate when administered in vivo will be rapidly cleared 
from the circulation by way of the kidney. The reference discloses animal biodistribution studies with the 
indium/chelator/antibody conjugate. Organ distribution studies after 24 hours showed spleen uptakes in 

35 excess of about 100% dose per gram of organ for antigen positive mice although spleen uptakes were 
lower for antigen negative mice and in systems where the conjugate comprises a normal mouse IgG. The 
reference noted that indium chelates have increased stability over radioiodine preparations and that such 
stability produces not only increased target concentrations but also higher nonspecific blood and liver 
activity. 

40 Of interest to the present invention is the disclosure of Zoghbi. et al. . Invest. Radiol., 21 710 (1986) 
which relates to procedures fcr the purification of indium-111. The reference notes that there is large 
variability in the purity of commercially available indium and that variability in the quantities of indium 
chelated by chelators such as DTPA (well below the capacity of the ligands) may be explained by the 
presence of cationic contaminants such as zinc, iron and aluminum in commercial indium preparations and 

45 the fact that the chelators are not specific for indium. The reference reports that ut indium purified according 
to a solvent extraction procedure disclosed by the reference exhibits more than a threefold increase in the 
specific activity of an 111 ln-DTPA-monoclonal antibody over 11 'indium which was not purified. 

Later references by the Gansow group disclose various post-chelation step purification procedures for 
the indium/chelator/conjugate solutions. Brechbiel, et al. , Inorg. Chem., 25, 2772 (1986) and Esteban, et al. , 

so J. Nucl. Med., 28, 861 (1987), compare several different procedures for removing unbound indium-111 from 
the monoclonal antibody B72.3. Brechbiel, et al. , compares (1) the EDTA chase method of Goodwin, et al. , 
(2) gel column chromatography, (3) high performance liquid chromatography (HPLC) and (4) the combina- 
tion of gel column chromatography and HPLC purification. The reference states that the simple addition of 
free EDTA to the mixture was not sufficient to remove all unreacted 1,1 indium by localization and passage 

55 through the kidneys but that instead the metal tended to localize in the liver. The preferred method for 
purification of the conjugate solutions was stated to be passage through a Sephadex G-50 column followed 
by HPLC purification on a TSK-3000 sizing column. Treatment by HPLC was stated to be the only method 
for removal of "high molecular weight* aggregates such as cross-linked chelating moieties. The reference 
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recommends use of the strongest possible chelating agent in combination with mild coupling techniques 
and the best purification techniques. 

Esteban, et al. . J. Nucl. Med., 28, 861 (1987) provided description of additional purification and 
biodistribution studies of the Gansow group with the B72.3 monoclonal antibody. Chelator/antibody con- 

5 jugates with bifunctional DTPA and EDTA were formed at various substitution ratios. The antibody-chelate 
immunoreactivity was found to vary significantly with the molar ratio with the conjugates retaining 100% of 
their immunoreactivity when compared to unmodified IgG at 1 :1 ratios. Chelator to antibody ratios of 3:1 or 
greater resulted in the loss of over 50% of immunoreactivity. Biodistribution studies were conducted with 
indium labelled conjugates having chelator to antibody ratios of 1:1. The reference confirmed the statement 

io of the Brechbiel, et al. , reference that the use of excess EDTA to chelate free metal in the conjugate 
solution provided poor purification with tumor to liver ratios of less than 1.6:1 while the use of labelled 
conjugates purified by HPLC resulted in tumor to liver ratios of 4.6:1 . 

Of interest to the present invention are references relating to efforts to systematically establishing the 
maximum number of chelating groups which may be incorporated into each antibody molecule. Paik, et al. , 

/s J. Nucl. Med., 24, 1158 (1983) and J. Nucl. Med., 24 932 (1983) disclose the optimization of. respectively, 
bicyclic DTPA anhydride coupling to monoclonal antibody 17-1 A and mixed anhydride coupling of DTPA to 
a monoclonal antibody to human serum albumin. Generally, however, those skilled in the art have felt little 
need to push substitution levels beyond one chelating group per antibody molecule since indium-111 is 
readily available in carrier-free form. 

20 These various procedures involving prelabelling purification of the metal ion solution or post-labelling 
chasing or purification of the metal ion/chelator/antibody conjugate solution are time consuming and difficult 
to perform under conditions which preserve the sterility and apyrogenicity essential to an injectable 
radiopharmaceutical for human use. Moreover, the setting in which such antibody radiolabelling procedures 
are to be routinely performed is typically that of a hospital nuclear pharmacy and such facilities frequently 

25 lack the equipment and trained personnel to carry out the most preferred yet most complex post-purification 
techniques such as HPLC and gel chromatography. 

The invention provides improved methods and kits for the preparation of metal ion/chelator/antibody 
conjugate solutions. The methods of the invention can be used in conjunction with radioimmunoscintigraphy 
and are also contemplated to be of use for a variety of applications including those such as in vivo cytotoxic 

30 radiotherapy 

Specifically, the invention provides methods for preparing an aqueous solution of met- 
al/chelator/antibody conjugate for use in diagnostic and therapeutic techniques comprising less than 5% 
free or adventitiously bonded meta! ions without post-chelating purification, said method comprising the 
step of incubating under conditions selected for the chelation of metal ions: 
35 (1) a first solution of chelator/antibody conjugate characterized by having an average of two or more 
chelator groups per antibody and having a chelator concentration of greater tahn 10~ 4 M and produced 
according to the process of 

(a) exposing a solution of chelator/antibody conjugate having an average of two or more chelator 
groups per antibody to a solution of unconjugated chelating agent with a concentration greater than 

40 0.01 M in a weakly chelating buffer, 

(b) separating the chelator/antibody conjugate from the solution of unconjugated chelating agent, and 

(c) adjusting the concentration of the antibody bound chelating groups to greater than 10~ 4 M; and 
(2) a second solution of metal salt. 

It is to be understood that the solution of unconjugated chelating agent will generally comprise the 
45 agent in the form of both chelators (metal-free) and chelates (metal-bound). The unconjugated chelating 
agent exposed to the chelator/antibody conjugate solution in step 1(a) is preferably as free of metals as is 
possible. By contrast, the solution of unconjugated chelating agent from which the conjugate solution is 
separated in part 1(b) will include proportions of the chelating agent in its metal-bound chelate form as a 
consequence of scavenging metal impurities from the conjugate solution, 
so The method of the invention is applicable to the chelation of radiometal ions. Of particular interest is 
such a method wherein the radiometal is 1 "indium. The invention provides a method for preparing an 
aqueous solution of n1 indium/chelator/antibody conjugate comprising less than 5% free or adventitiously 
bonded metal ions and suitable for in vivo administration for radioimmunoscintigraphy. The method is useful 
for preparation of indium radioimmunoscintigraphy agents for use whereby post-chelation purification steps 
55 are not required to render the agent suitable for administration in vivo. 

According to the method, a first solution of a chelator/antibody conjugate characterized by having an 
average of two or more chelator groups per antibody and having a chelator concentration of greater than 
10"* M and being treated according to the above-described procedure is contacted under conditions 
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selected for chelation of indium ions with a second solution of commercially available 111 indium salt 
characterized by a radioactivity of greater than 30 mCi/ml wherein the ratio by volume of the first solution to 
the second solution is greater than 5 to 1 and wherein the solutions are incubated for a period of less than 
30 minutes. The volume ratio of first solution to second solution is preferably from 5 to 1 to 20 to 1 and 
5 most preferably from 7 to 1 to 1 5 to 1 . 

"Mndium/chelator/antibody conjugate solutions produced according to the above methods are char- 
acterized by the ability, without further purification, to deliver 48 hours after intravenous injection to a nude 
mouse no more than 10% of said indium per gram of tissue to the liver, spleen and kidney of said mouse. 

The invention further provides "hot" and "cold" kits for preparation of injectable solutions of metal 
w labelled antibody. 

Cold kits according to the invention include: 

(1) a sterile apyrogenic solution of a chelator/antibody conjugate characterized by having an average of 
two or more chelator groups per antibody and having a chelator concentration of greater than 10"** M 
and produced according to the process of: 
75 (a) exposing a solution of chelator/antibody conjugate having an average of two or more chelator 

groups per antibody to a solution of unconjugated chelating agent with a concentration greater than 

0.01 M in a weakly chelating buffer, 

(b) separating the chelator/antibody conjugate from the solution of unconjugated chelating agent, and 

(c) adjusting the concentration of the antibody bound chelating groups to greater than 10~* M; and 

20 (2) a container which preserves the sterility and apyrogenicity of the solution and has provision for the 
aseptic introduction of said metal and aseptic removal of the labelled antibody. 
Hot kits according to the invention include: 

(1) a sterile apyrogenic aqueous solution of a metal ion/chelator/antibody conjugate produced by 
chelation of a first metal ion solution with a second solution of a chelator/antibody conjugate character- 

25 ized by having an average of two or more chelator groups per antibody and having a chelator 
concentration of greater than 10~* M and produced according to the process of: 

(a) exposing a solution of chelator/antibody conjugate having an average of two or more chelator 

groups per antibody to a solution of unconjugated chelating agent with a concentration greater than 

0.01 M in a weakly chelating buffer, 
30 (b) separating the chelator/antibody conjugate from the solution of unconjugated chelating agent, and 

(c) adjusting the concentration of the antibody bound chelating groups to greater than 10~* M; and 

(2) a container which preserves the sterility and apyrogenicity of the solution and has provision for the 
aseptic removal of the labelled antibody. 

In particular, the hot kits of the invention may be prepared for use in radioimmunoscintigraphy wherein 
35 said first solution comprises 1 "indium and is characterized by a radioactivity of greater than 30 mCi/ml and 
wherein the ratio by volume of said second solution to said first solution is greater than 5 to 1 . 

The present invention provides methods and kits for the production of metal labelled radiophar- 
maceuticals for use in radioimmunoscintigraphy and radioimmunotherapeutics. The invention provides a 
metal scavenging procedure for the removal of free, adventitiously bonded and chelated metal ions from a 
40 solution of a chelator/antibody conjugate. This method provides for chelator/antibody conjugates with 
improved metal label binding capacity as a consequence of having reduced levels of free and adventitiously 
bonded metal and elevated levels of free chelator. Chelator/antibody conjugate solutions with chelator 
concentrations in excess of 10"* M exhibit unexpected improved properties when subjected to the method 
of the invention. The resulting chelator/antibody solutions are characterized by a high metal binding 
45 capacity and are capable of rapidly chelating free metal ions to achieve high radiochemical yields when 
incubated under chelating conditions with solutions of radiometal which typically contain significant levels of 
metal impurities 

As one aspect of the invention, it has been discovered that chelator/antibody conjugate solutions with 
chelator concentrations greater than 10~* M which have been subjected to the scavenging method of the 

so invention are capable, when incubated for 30 minutes or less under chelating conditions with commercially 
available indium chloride compositions, of yielding solutions of indium/chelator/antibody conjugates with 
radiochemical yields in excess of 95%. Such compositions generally do not require further purification in 
order to be suitable for human in vivo administration. The selection of chelator/antibody conjugates having a 
chelator concentration in excess of 10"* M is based on the following findings. Firstly, there exists for any 

55 given chelator/antibody conjugate labelled under a fixed set of conditions, a critical chelator concentration 
below which, under these conditions, it is impossible to achieve effective radiolabelling and above which 
acceptable radiolabelling yields are achieved. This threshold concentration range is unexpected narrow, a 2- 
fold difference in the concentration of antibody-bound chelating groups often corresponding to the 
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difference between a fully acceptable radiochemical yield f>90%) and a completely unacceptable yield (20- 
30%). Secondly, and even more unexpectedly, this critical threshold concentration of bound chelators varies 
from one antibody conjugate to the next, even though the same chelator is used to prepare both 
chelator/antibody conjugates. Thus, to assure satisfactory radiochemical yields from a general procedure 

5 applicable to any given antibody system, a concentration of antibody-bound chelators must be chosen 
which lies well outside the range of critical chelator concentrations observed for various antibodies. Based 
on studies conducted, it appears that about 10~* M constitutes such a molar concentration of chelator. 

The capability of reaction chelator/antibody solutions with indium metal salt solutions in a one step 
procedure to produce an indium/chelator/antibody conjugate solution suitable for human in vivo administra- 

70 tion is a significant advance over the art in that it avoids complex, expensive and time consuming post- 
labelling purification steps or the addition of a scavenging chelator heretofore required to render the 
materials suitable for human administration. The chelator/antibody conjugate solutions of the present 
invention, further have the capability, when reacted with solutions of indium metal chloride of producing 
indium/chalator/antibody conjugates which when administered in vivo, deliver reduced levels of indium to 

75 the liver, spleen and kidneys of test animals injected therewith. 

The present invention is based on the recognition of several limitations in present methods for the 
preparation of antibody/chelator/metal ion preparations. One limitation relates to antibody-chelator composi- 
tions prepared using the standard precautions to prevent contamination with adventitious metal ions and 
centers on the finding that, despite taking the best precautions possible, metal contamination is not 

20 completely eliminated during the conjugate preparation stage. One aspect of the present invention therefore 
relates to procedures for removing residual metal contaminants from "antibody/chelator compositions 
subsequent to their preparation. 

The invention is also based on the observation that even when the chelating groups in an antibody- 
chelator composition are rendered completely free from metal contaminants acquired during its preparation, 

25 the quantities of non-radioactive metals present in many commercial radiometal preparations such as 
indium-1 1 1 chloride are such as to effectively compete for the available chelating sites. Such competition is 
sufficiently severe at a substitution level of one chelator per antibody molecule that a poor radiochemical 
yield often results. 

It is contemplated that the chelator/antibody conjugate solutions produced according to the invention 
30 will exhibit improved properties when incubated with metal ion preparations other than l11 indium. While the 
specific chelator concentration and required incubation time may vary as a consequence of specific chelator 
to metal binding affinities and the identity and concentration of metal impurities present in differing metal 
ion preparations, it is contemplated that the chelator/antibody conjugate solutions of the present invention 
will exhibit improved radiochemical yields in binding procedures with other metals. 
35 Chelator conjugate solutions having high concentrations of metal free chelators are useful not only 
because of their ability to achieve high radiobinding yields, but also as a consequence of their ability to 
minimize the amount of antibody or antibody fragment required to deliver a specific amount of active metal. 
Such is an important concern where repeated exposure to foreign protein is likely to provoke an adverse 
immunological response. 

40 The chelator/antibody solutions of the invention having high free chelator concentrations are produced 
by maximizing the concentration of the chelator/antibody conjugates in solution and maximizing the 
substitution level of chelators per antibody to the greatest extent possible consistent with maintaining 
antibody activity and specificity. Even when concentration and chelator substitution levels are maximized it 
is additionally required that the chelator/antibody conjugate solution be subjected to the scavenging 

45 procedure which renders the solution and the chelator/antibody conjugate substantially free of metal. 
Maximization of the conjugate concentration is primarily dependent on antibody solubility with maximum 
concentrations generally approaching 10"* M. The precise concentration will, however, be dependent upon 
the specific nature of the antibody and the chelator system. Given maximization of the chelator/antibody 
concentration, it is also generally necessary to maximize the average number of chelating moieties per 

so antibody. In maximizing the substitution level of antibodies, however, particular care must be taken to 
maintain antibody activity and specificity. 

Those of skill in the art will recognize that antibodies differ greatly in their susceptibility to loss of 
immunoreactivity during chemical modification with chelating groups and hence that the maximum number 
of metal binding groups which may be introduced without loss of antibody immunoreactivity will vary from 

55 antibody to antibody. Nevertheless, within the constraints imposed by the foregoing, certain embodiments 
are preferred for all antibody compositions. Preferred compositions include those containing an average of 
from 2 to 15 chelating groups per antibody molecule, with compositions containing from 3 to 5 chelators per 
antibody being particularly preferred. Such compositions are preferably maintained at a high antibody 
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concentration in a weakly chelating buffer in order to facilitate labelling. Preferred compositions contain the 
antibody or its fragment at a concentration between 5 mg/ml and 20 mg/ml in 0.01 to 0.5 M citrate buffer, 
pH 6.0. 

5 Antibodies 

Antibodies useful with the present invention include those of various types including IgA, IgD, IgE, IgG 
and IgM. The antibodies may be directed against a variety of antigenic determinants including those 
associated with tumors, histocompatibility and other cell surface antigens, bacteria, fungi, viruses, enzymes, 

to toxins, drugs and other biologically active molecules. As an important aspect of the present invention relates 
to the detection and treatment of tumors, antibodies specifically reactive with tumor associated antigens are 
of particular interest to the present invention. Antigens associated with tumors for which antibodies may be 
specifically reactive include antigens as are described in Zalcberg and McKenzie. J. Clin. Oncology. Vol. 3; 
pp. 876-82 (1985) and include, but are not limited to, carcinoembryonic antigen (CEA), mucins such as 

75 TAG-72, human milk fat globule antigens and receptors such as the IL-2 and transferrin receptors. 
Antibodies which recognize such antigens may be monoclonal or polyclonal or made by recombinant 
techniques such as described in Morrison, et al., Proc. Nat. Acad. Sci. U.S.A., 81, 6851-55 (1984). 

"Antibody " as used herein also refers to fragments of antibody molecules including half antibody 
molecules and Fab, Fab' or F(ab')2 fragments. Nicolotti, EPO 174,853 published March 19, 1986, discloses 

20 methods by which entire antibodies are treated to effect a site specific cleavage of the two heavy chains, 
removing the F c portion of the carboxyl terminal ends of the heavy chains. 

The antibodies should be capable of containing an average of 2 to as many as 15 chelating groups per 
molecule, although antibodies capable of accommodating an average of 2 to 5 chelating groups per 
molecule are suitable to use with the invention. Preferred antibodies include those which are capable of 

25 accommodating an average of from 3 to 5 chelators per antibody without adversely affecting the 
immunoreactivity of the antibody. 

Chelating Agents 

30 A wide variety of chelating agents may be used according to, the methods of the present invention. 
While the specific choice of chelating agent is dependent upon a number of factors including the identity of 
the metal ion to be bound, a number of chelating agents are generally suitable for use with the invention. 
Such chelating agents should have high binding efficiencies and include bifunctional derivatives of 
diethylenetriaminepentaacetic acid (DTP A) and ethylenediaminetetraacetic acid (EDTA). Bifunctional deriva- 

35 tives of DTPA wherein para-am inopheny I substituents are attached to the methylene carbons of the 
polyamine backbone are described by Brechbiel, et al, Inorg. Chem., 25, 2772-81 (1986). Bifunctional 
derivatives of EDTA bearing a para-aminophenyl protein reactive substituent are described by Sundberg, et 
al., J. Med. Chem., 17, 1304 (1974). Particularly preferred bifunctional derivatives of DTPA and EDTA are 
described by EP-A-0 279 307. 

40 Other chelating agents contemplated to be of use according to the present invention include the cyclic 
chelating agent cyclohexane-1,2-trans-diaminetetraacetic acid, Kroll, et al. , Nature. 180 , 919-20 (1957); 
macrocyclic chelating agents such as 6-(p-nitrobenzyl)-1 ,4,8,1 1 -tetraazacyclotetradecane N,N\N", N ,M - 
tetraacetic acid (p-nitrobenzyl-TETA), Moi., et al. , Anal Biochem., 148, 249-253 (1985); a sexadentate ligand 
N.N'-dipyridoxyl-ethylenediamine-N.N'-diacetic acid (PLED), Green, et al. , Int. J. Nucl. Med. Biol., 12, 381- 

45 86 (1985) and N,N'-ethylene-bis[2-(o-hydroxy phenyl)glycine] (EHPG) and N,N'-bis(2-hydroxybenzyl)- 
ethylenediamine-N,N*-diacetic acid (HBED). Taliaferro, et al. , Inorg. Chem., 23, 1188-92 (1984). 

Preferred chelating agents for use with the present invention include multidentate chelators based on 
the 8-hydroxyquinoline chelating unit as well as multidentate chelators with backbone structures based upon 
tris(2-aminoethyl)amine (TREN). 

50 

Substrate Reactive Functionalities 

Bifunctional chelating agents useful according to the present invention include a substrate reactive 
moiety capable of participating in a specific binding reaction with at least one functionality present in the 
55 antibody molecule to be labelled. The substrate reactive moieties may be reactive with side chain groups of 
amino acids making up the polypeptide backbone. Such side chain groups include the carboxyl groups of 
aspartic acid and glutamic acid residues, the amino groups of lysine residues, the aromatic groups of 
tyrosine and histidine and the sulfhydryl groups of cysteine residues. 
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Carboxyl side groups presented by the antibody may be reacted with amine substrate reactive moieties 
of Afunctional chelating agents by means of a soluble carbodiimide reaction. Amino side groups presented 
by an antibody may be reacted with the isothiocyanate, isocyanate or halotriazine substrate reactive 
moieties to effect linkage of the chelator to the polypeptide. Alternatively, amino side groups on the 

5 antibody may be linked to Afunctional chelating agents bearing amine substrate reactive moieties by means 
of Afunctional agents such as dialdehydes and imidoesters. Aromatic groups presented by an antibody may 
be coupled to the chelating agents via a diazonium derivative. Sulfhydryl groups on the antibody molecules 
may be reacted with maleimides or with haloalkyl substrate reactive groups such as iodoacetamide. Free 
sulfhydryl grcups suitable for such reactions may be generated from the disulfide bonds of the im- 

10 munoglobulin proteins or may be introduced by chemical derivatization. Linkage to free sulfhydryl groups 
generated in the intra-heavy chain region pf immunoglobulins does not interfere with the antigen binding 
site of the immunoglobulin but may render the antibody incapable of activating complement. 

An alternative method to forming an antibody/chelator linkage via the polypeptide backbone is to form a 
covalent linkage with the carbohydrate side chains of the glycoprotein according to the methods such as 

75 those of Rodwell, et al. , U.S. No. 4,671,958. Thus, the carbohydrate side chains of antibodies may be 
selectively oxidized to generate aldehydes which may then be reacted either with amine substrate reactive 
groups to form a Schiff base or with hydrazine, semicarbazide or thiosemicarbazide substrate reactive 
groups, to give the corresponding hydrazone, semicarbazone or thiosemicarbazone linkages. 

An alternative substrate reactive moiety useful for linkage to carbohydrates and polysaccharides without 

20 the necessity for prior oxidation is the dihydroxyboryl moiety. This moiety is reactive with substrates 
containing a 1 ,2-cis-diol, forming a 5 membered, cyclic borate ester; and thus is of use with those 
carbohydrates, polysaccharides and glycoproteins which contain this group. 

Substrate reactive moieties which are useful with chelating agents according to the methods of the 
present invention include amino (-NH 2 ), diazonium (-NN + ), isothiocyanate (-NCS), isocyanate (-NCO), 

25 hydrazine (-NHNH2), semicarbazide (-NHCONHNH2), thiosemicarbazide (-NHCSNHNH2), haloacetamide (- 
NHCOCH2X) including chloro-, bromo- and iodoacetamide, azide (-N 3 ), carboxylate (-CO2H), aminoalkylurea 
(-NHCONH(CH 2 )nNH2), aminoalkylthiourea (-NHCSNH(CH2) n NH 2 ), carboxyalkylurea (-NHCONH(CH 2 ) n CfcH) 
and carboxyalkylthiourea (-NHCSNH(CH2) ft Cu2H), maleimide, halotriazine including chloro-, bromo- and 
iodotrizine and meta-(dihydroxyboryl)phenylthiourea (-NHCSNHCeHUBfOH^). Other reactive moieties which 

30 may be suitable for linking the chelating agents to antibodies include disulfides, nitrenes, sulfonamides, 
carbodiimides, sulfonyl chlorides, benzimidates, -COCH 3 and -SO3H. The preferred substrate reactive 
moiety moiety for any particular application of this invention will be dictated by the nature of the antibody 
and by its susceptibility to loss of biological activity as a consequence of forming a given type of linkage. 
The substrate reactive moieties useful with the invention may be presented according to a variety of 

35 means but have been found to be particularly effective when oriented at the meta or preferably para 
position on a phenyl group which is attached by means of an aliphatic spacer group to the chelating 
framework of the invention. The spacer group may consist of from one to about ten carbon atoms, and may 
be linear or branched alkyl or substituted aikyl provided such branching or substituents do not interfere with 
the metal binding sites or substrate reactive groups. Linear alkyl linkers are nevertheless preferred with C1 

40 alkyl linkers particularly preferred. 

Antibodies are reacted with the substrate reactive moieties of the chelating agents according to the 
methods disclosed above. Each antibody is preferably bound by more than one chelating agent with 
chelator to antibody ratios between 2:1 and 5:1 being preferred and chelator to antibody ratios between 3:1 
and 5:1 being particularly preferred. The maximum extent of substitution on an antibody, however, is limited 

45 by the nature of glycosylation, or the number and location of reactive amino acid side chains on the 
molecule. Because it is desired that the conjugated protein retain its biological activity, the extent of 
substitution will be limited according to the nature and position of target glycosylation or amino acid 
residues both in the primary as well as in the tertiary sequence of the antibody and their degree of 
involvement in the antigen binding site. 

50 

Metal Scavenging Procedure 

According to one aspect of the invention, methods are provided for the removal of free, adventitiously 
bound and chelated metal ions from solutions of antibody/chelator conjugates prior to radiolabelling of the 
55 conjugate solution. These methods include the step of exposing the antibody-chelator conjugate solution to 
high concentrations of an unconjugated chelating agent in a weakly chelating buffer system in order to 
remove contaminating metal ions and render the chelating moieties available for binding with the metals of 
the metal labelling solution. After exposure to the unconjugated chelating agent the chelator/antibody 
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conjugate is separated from the solution of unconjugated chelating agent. 

Conditions are chosen during the step of exposing the solution of chelator/antibody conjugate to the 
unconjugated chelating agent such that metal ions present in the conjugate solution or which have become 
adventitiously bound to the antibody, whether at the specific chelating sites which have been introduced 
intentionally or at sites within the immunoglobulin molecule which possess intrinsic metal binding properties, 
are scavenged by the chelating agent to form low molecular weight chelates. These may then be separated 
from the antibody-chelator conjugate by suitable procedures such as those based on differences in 
molecular size. 

A preferred embodiment employs a dialysis against a buffered solution of free chelating agent as a 
convenient means of effecting both scavenging and separation, but other methods such as diafiltration or 
size exclusion chromatography may be employed for those purposes. 

The chelating agent used as a scavenger must form metal complexes of sufficient thermodynamic and 
kinetic stability that it can compete effectively with the antibody-bound chelating groups. Since the nature of 
the contaminating metals is generally not known, a preferred procedure is to use as a scavenger the same 
chelating agent that is attached to the antibody. Thus, in the case of an EDTA-antibody conjugate, free 
EDTA is used as the scavenger whereas for a DTPA-antibody conjugate free DTPA is used, and so forth. 

In order to maximize the translocation of contaminating metals from antibody-bound chelating sites to 
the unconjugated chelating agent, the latter is preferably used in large excess. Useful concentrations of 
scavenging chelators range from about 0.01 M to about 5 M or higher. The solution of unconjugated 
chelating agent preferably has a concentration at least an order of magnitude higher and preferably at least 
two orders of magnitude higher than the chelator concentration of the conjugate in order to provide a 
sufficient thermodynamic potential for removal of the metal ions. The higher the concentration of the 
unconjugated chelating agent, the more rapid the removal of free and adventitiously bound metal from the 
conjugate solution. The maximum concentration of unconjugated chelating agent is limited only by the 
solubility of the chelating agent. At the same time, however, the greater the concentration of unconjugated 
chelating agent, the more extensive and time consuming is the step of separating the conjugate solution 
from that of the unconjugated chelating agent. Practical considerations therefore limit the maximum 
concentration of unconjugated chelating agent. Preferred concentrations for the unconjugated chelating 
agent solutions range from 0.05 M to 1 M with concentrations of 0.1 M being most preferred. 

The duration of the extraction step during which the chelator/antibody conjugate is exposed to the 
unconjugated chelating agent is dependent upon the concentration of the solution of unconjugated chelating 
agent. Solutions having lower concentrations of unconjugated chelating agent require longer periods of 
exposure to the chelator/antibody conjugate solutions but require less time to extract. Solutions having 
higher concentrations of unconjugated chelating agent require less time to purge the chelator/antibody 
conjugate solution of free and adventitiously bound metal ions but require the use of a longer extraction 
step. Where the solution of unconjugated chelating agent has concentrations of 1 M or greater, the purge 
step wherein the solution of the chelator/antibody solution is exposed to the solution of unconjugated 
chelating agent may be carried out in as little as 12 hours. Where the solution of unconjugated chelating 
agent has a concentration in the lower end of the range, the purge step may require 72 hours or more. 
Where a preferred method according to the invention utilizes a solution of unconjugated chelating agent 
with a concentration of 0.1 M, this solution is preferably exposed to the chelator/antibody conjugate for a 
period of 48 hours. 

The metal scavenging procedure is carried out in a weakly chelating buffer system. Such a buffer 
system should have sufficient chelating strength to maintain metal ions in solution and prevent them from 
precipitating but should not be so strong as to compete for metal ions with the unconjugated chelating 
agents. Preferred buffers for use with EDTA and DTPA chelating systems typically are characterized by 
metal binding formation constants of from 10 6 to 10 12 with formation constants from 10 9 to 10 12 being 
particularly preferred. Where the chelating agent utilized in making up the chelator/antibody conjugate or 
the unconjugated chelating agent purge solution is a chelator with an extremely high formation constant the 
weakly chelating solution may have a higher formation constant. Weakly chelating buffers particularly 
preferred for use with EDTA and DTPA chelating materials include citrate, acetate, nitrilotri acetate and 
glycine. Suitable concentrations of such buffers range from 0.01 M to 0.5 M with concentrations of 0.01 to 
0.1 M being particularly preferred. The pH of the solutions may range from 4 to 10 with particularly 
preferred pHs being dependent upon the identity of the components present during the reaction procedure 
as would be determinable by one of skill in the art. 

The metal scavenging procedure may be carried out at temperatures ranging from 2 • C to as high as 
45 *C but is preferably conducted at reduced temperatures in order to prevent denaturation and loss of 
biological activity of the antibody. Treatment at temperatures ranging from 2* to 8* C is particularly 
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preferred. 

After purging the solution of chelator/antibody conjugate by exposure to the solution of unconjugated 
chelating agent it is necessary to separate the chelator/antibody conjugate from the solution of uncon- 
jugated chelating agent. The separation procedure may be carried out by a variety of means as would be 

5 obvious to one of skill in the are but is preferably carried out by dialysis. Alternative means could include 
chromatographic techniques or other methods making use of the difference in size to effect a separation. 
The degree of separation required will depend in part upon the concentration of unconjugated chelating 
agent to which the chelator/antibody conjugate was exposed. Where dialysis is used to effect the separation 
a minimum of 24 hours is generally necessary to remove the unconjugated chelating agent to a sufficient 

10 degree. Where the chelator/antibody conjugate solution is purged by exposure to a 0.1 M solution of 
unconjugated chelating agent a period ranging from 24 to 144 hours may be required to separate the 
conjugate solution from the unconjugated chelating agent. 

According to one embodiment of the invention, wherein a solution of chelator/antibody conjugate 
characterized by having an average of two or more chelator groups per antibody and having a chelator 

75 concentration of greater than 1(T 4 M is produced according to the process of (a) exposing a solution of 
chelator/antibody conjugate having an average of two or more chelator groups per antibody to a solution of 
unconjugated chelating agent with a concentration greater than 0.01 M in a weakly chelating buffer for a 
period greater than 12 hours, (b) separating the chelator/antibody conjugate from the solution of uncon- 
jugated chelating agent, and (c) adjusting the concentration of the antibody bound chelating agent group to 

20 greater than 10 -4 M; the scavenging step is preferably carried out by dialysis. Where this is the case, the 
solution of chelator/antibody conjugate treated in step (a) is preferably characterized by having a chelator 
concentration of greater than 10~ 4 M. In such a case it is generally not necessary to adjust the 
concentration of the antibody chelating group to greater than 1 0~* M. Where other methods are used in the 
exposure and separation steps, however, it may be desirable to carry out the exposure or separation steps 

25 at dilutions such that the concentration of the antibody bound chelating group is less than 10~ 4 M. In such 
cases it will then be necessary to adjust the concentration of the conjugate solution such that the 
concentration is greater than 10~* M in order that the solution exhibit the unexpected improved properties 
according to the invention. 

30 Metal Ions 

Chelator/antibody conjugate solutions with high metal binding capacity prepared according to the 
methods and teachings of the present invention may be used to bind a wide variety of metal ions for 
various diagnostic, therapeutic and other applications. While the metal binding activities and specificities of 

35 the conjugate solutions of the invention are dependent upon the particular identities of the conjugated 
chelating agent it is generally the case that metal ions susceptible to binding by the conjugates of the 
invention have a valence of three or higher. This is the case because mono- and divalent metals do not 
generally form sufficiently stable chelates for purposes of the invention. 

While contemplated applications of the present invention generally relate to the chelation of radiometal 

40 ions, it is of course the case that the materials of the invention may be utilized to bind a variety of non- 
radioactive metal. Radiometal ions which may be chelated according to the invention include gamma 
emitter isotopes which are useful for diagnostic scintigraphy. 111 Indium with a half-life of 2.8 days is 
particularly useful while other suitable gamma emitters include "gallium, "gallium and ""technetium. Beta 
radiation emitters which are useful as cytotoxic agents for radiotherapy are also useful according to the 

45 invention. Such emitters include isotopes such as * 6 scandium, * 7 scandium * 8 scandium, S7 copper, 
72 gallium, 73 gallium, 90 yttrium, 97 ruthenium, 100 palladium, 101m rhodium, 109 palladium, 153 samarium, 
186 rhenium, 188 rhenium, 189 rhenium, 198 gold, 212 radium and 2t2 lead. Other metal ions useful with the 
invention include alpha radiation emitting materials such as 212 bismuth, positron emitters such as 68 gallium 
and 89 zirconium, fluorescent members of the lanthanide series of elements such as terbium and europium 

so and of the transition series such as ruthenium and paramagnetic materials such as gadolinium and iron. 

A particular advantage of the high free chelator concentration conjugate solutions of the present 
invention is their ability to rapidly complex metal solutions with a high binding yield such that low levels of 
free metal are left in solution. The conjugate solutions are such that they are capable of routinely achieving 
radiobinding yields in excess of 95% when incubated for thirty minutes or less with the relatively impure 

55 radiochemical solutions of m indium which are available commercially. The specific binding characteristics 
of metals other than indium will of course differ from those of that metal. In addition, and perhaps more 
significantly, solutions of other such metals will contain metal contaminants of differing identities and in 
differing degrees than those of commercially available 1 "indium. As a consequence, conjugate solutions 
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with greater concentrations of free chelator groups may be required to practice the method of producing 
radiolabelled cheiator/antibody conjugates with greater than 95% radiochemical yield where the solution of 
radiometal contains high levels of metal contaminants. 

5 Complexing of Metal Ion s 

Methods for forming chelating agent/metal ion conjugates are well known to those of skill in the art. 
Complexes of the chelating agent and metal ions may generally be formed by incubation of the chelating 
agent/substrate conjugate with the metal ion in a buffered solution in which the conjugate is physiologically 

10 stable. Suitable buffers include those with weak metal-binding properties, such as citrate, acetate or glycine. 
Appropriate concentrations, temperatures and pH may be selected by one of skill in the art to ensure metal 
ions bind to the chelating functionality rather than weak binding sites on the substrates. It is particularly 
desired that all solutions be maintained free of metal impurities 

In one aspect of the present invention, a kit for the preparation of an injectable solution of metal labelled 

is antibody or antibody fragment is provided. Said kit comprises a sterile, apyrogenic solution of an antibody- 
chelator conjugate containing a maximum number of chelating groups per antibody consistent with retaining 
immunoreactivity and specificity of the antibody and free from contaminating metals, the conjugate being 
dissolved at high concentration in a weakly chelating, slightly acidic buffer and said solution being provided 
in a sterile, apyrogenic container suitable for the aseptic introduction of indium-1 1 1 chloride and subsequent 

20 aseptic removal of the indium-1 1 1 labelled antibody or antibody fragment. 

The present invention may be practiced in conjunction with any antibody, polyclonal or monoclonal, and 
with antibody-chelator conjugates prepared by any of the methods known to the art provided that the 
method used does not compromise the immunoreactivity of the antibody. Thus, compositions in which the 
chelating group is an amide derivative of DTPA coupled to an antibody by means of either a mixed 

25 anhydride reaction, an active ester reaction or a cyclic anhydride procedure are of utility, as are conjugates 
in which the chelating group is a benzylthiourea derivative of EDTA or DTPA prepared by reaction of the 
antibody with the corresponding isothiocyanate derivative. It will be evident to one of skill in the art that the 
concepts, methods and procedures described herein are also applicable to the labelling of a wide range of 
other proteins and biologically active substrates with indium-1 1 1 and other metals and radiometals in high 

30 radiochemical yield. 

EXAMPLE 1 

In this example, a monoclonal antibody to carcinoembryonic antigen (CEA) was derivatized with a 
35 benzylisothiocyanate derivative of the chelator DTPA to a high level of chelator substitution. The resulting 
antibody-chelator conjugate was purified to remove contaminating metals and formulated into a composition 
for indium-1 11 labelling. The radiochemical yield of indium-1 11 labelled antibody achieved with this 
composition was then evaluated by repeated labellings using indium-1 11 chloride from three different 
commercial sources. 

40 The IgGi murine monoclonal antibody to CEA was reacted with N-(carboxymethyl)-N-(2-aminoethyl)-N'- 
(carboxymethyl)-N'-(2 , -bis(carboxymethyl)amino)-ethyl)(4-isothiocyanatophenyl)alanine trihydrochloride, a 
benzylisothiocyanate derivative of DTPA, as described in detail in EP-A-0 279 307. The resulting conjugate 
was dialysed for 24 hours at from 2 to 8*C against a 0.1 M solution of DTPA in 0.05 M citrate buffer, pH 
6.0, then for a further 24 hours against 0.05 M citrate, pH 6.0. The concentration of the conjugate solution 

45 was then adjusted to 5 mg/ml and it was aliquoted into acid-washed glass vials, each being seated with a 
rubber septum. Analysis of one aliquot of the conjugate by the methods described in the aforementioned 
copending application revealed that it contained an average of 13 DTPA groups per antibody molecule and 
retained all the immunoreactivity of the underivatized antibody. 

The vials containing the antibody/chelator conjugate were stored at 2-8 *C and over the subsequent 146 

so days a vial was periodically removed from storage and labelled by introducing via syringe 5 mCi of indium- 
111 chloride (with a concentration ranging between about 30 to 100 mCi/ml as was the case with all the 
examples presented herein) from one of three sources: New England Nuclear. Billerica, Massachusetts 
(abbreviated NEN); Medi+ Physics. Richmond, California (abbreviated MP); and Atomic Energy of Canada. 
Ltd., Kanata, Ontario (abbreviated AEC). After 30 minutes incubation in the vial at room temperature, the 

55 yield of indium-1 11 labelled antibody was determined by thin layer chromatography (TLC) after a DTPA 
chase, as described by Meares, et al. , Anal. Biochem., 142, 68 (1984). A total of 14 such labellings were 
performed and the results are shown in Table 1 . 
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Table 1 



Days post conjugate 
preparation 


oOUrcs or inuiurn- 1 i i uinunuo 


°/n Inrlinm inromoration 

intn flntihnriv 
hiiu Qiiuuuuy 


0 


MP 


99 


1 


MP 


99 


2 


MP 


98 


3 


AEC 




3 


NEN 


98 


7 


MP 


98 


7 


NEN 


99 


14 


MP 


99 


21 


AEC 


97 


28 


MP 


96 


56 


AEC 


95 


86 


AEC 


95 


116 


AEC 


95 


146 


AEC 


96 



The mean radiochemical yield of indium-111 labelled antibody over 14 labellings was 97.3% (SE = 
1.6%) and the ELISA test described in EP-A-0 279 307 showed no loss of immunoreactivity in any of the 
labelled preparations. 

EXAMPLE 2 

In this example, monoclonal antibody B72.3, the specificity and properties of which have been 
described in detail by Schlom, et al. , Int. J. Cancer, 29, 539 (1982), was derivatized with a ben- 
zylisothiocyanate derivative of DTPA, purified to remove contaminating metals and formulated into a 
composition suitable for indium-1 1 1 labelling. As in Example 1 , repeated indium-1 1 1 labellings were then 
performed to determine the average radiochemical yield 

The Igd murine monoclonal antibody B72.3 was reacted with the benzylisothiocyanate derivative of 
DTPA of Example 1, according to the methods described in detail in EP-A-0 279 307. 
The mole ratio of chelating agent to antibody used in the coupling reaction was 7.5:1. The resulting 
conjugate was dialysed for 24 hours at 2-8 -C against a 0.1 M solution of DTPA in 0.05 M citrate buffer, pH 
6.0, then for a further 24 hours against 0.05 M citrate, pH 6.0. The concentration of the conjugate solution 
was then adjusted to 5 mg/ml and it was aliquoted into acid-washed glass vials at a volume of 1 .0 ml per 
vial. The vials were then sealed with a rubber septum and stored at 2-8 *C. Analysis of one vial of the 
resulting B72.3 composition showed that it contained an average of 5 DTPA groups per antibody molecule 
and retained approximately 60% of the immunoreactivity of underivatized B72.3 as measured by the ELISA 
method described in the aforementioned copending application. 

Over a 58 day period following the preparation, the composition was tested by periodically removing a 
vial from storage and introducing by syringe 5 mCi of indium-111 chloride (AEC). After a 30 minute 
incubation at room temperature, the extent of indium-111 incorporation into the antibody was determined 
according to the method of Meares, et al. A total of nine such labellings were performed and the results 
appear in Table 2. 
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Table 2 



Days post conjugate 


% indium incorporation 


preparation 


into antibody 


0 


97 


1 


97 


2 


96 


3 


94 


7 


93 


14 


97 


21 


94 


28 


96 


58 


96 



The mean radiochemical yield of indium-111 labelled B72.3 was 95.5% (SD = 1.5%) and the ELISA 
test revealed no loss of antibody immunoreactivity in the labelled preparations relative to the prelabelling 
value. 

EXAMPLE 3 

In this example, the composition of Example 2 was further optimized to avoid the slight loss of 
immunoreactivity evident at a substitution level of 5 chelators per antibody. 

A conjugation of the benzylisothiocyanate derivative of DTPA to monoclonal antibody B72.3 was 
performed exactly as described in Example 2, except that the mole ratio of chelator to antibody used in the 
reaction was 5:1 . The resulting conjugate was purified and aliquoted into vials according to the methods of 
Example 2. Subsequent analysis revealed that this composition contained an average of 3 DTPA groups per 
antibody molecule and retained 100% of the immunoreactivity of underivatized B72.3. When labelled with 
indium-1 1 1 chloride as described in Example 2, this composition gave radiochemical yields of 94 to 97% 
when tested according to the method of Meares, et al. 

EXAMPLE 4 

In this example, the composition of Example 3 was labelled with indium-1 1 1 and, without any further 
purification, was injected into nude mice bearing a xenograft of the human colorectal carcinoma line 
LS174T. The biodistribution of indium-111 activity was then determined at 48 hours post-injection and these 
data compared with literature values obtained using indium-111 labelled B72.3 compositions which had 
undergone post-labelling purification to remove non-antibody bound indium-1 1 1 . 

The mouse model used in this example, had been described in detail by Colcher, et al., Cancer Res., 
44, 5744 (1984) and in the aforementioned copending application. An indium-111 labelled aliquot of the 
B72.3 composition of Example 3 at a specific activity of 1 uCi/ug was injected into the tail vein of nude 
mice bearing subcutaneous LS174T tumors, at a dosage of 1 ug of antibody per mouse. After 48 hours, the 
mice were sacrificed and the radioactivity in various tissues was determined by counting in a gamma 
counter. These data appear in Table 3. 
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Table 3 



Tissue 


U, ln-B72.3 <1) present invention 


1,1 ln-B72.3 <2) after Sephadex-G-50 
& TSK-3000 HPLC 


,1, ln-B72.3< 3> after 
TSK-250 HPLC 


Blood 


15.74 (6.08) 


18.37 (0.28) 


11.23(5.51) 


Tumor 


25.69 (17.24) 


25.94 (1.01) 


42.22 (15.14) 


Liver 


3.82 (1.23) 


9.09 (0.07) 


19.39 (10.97) 


Spleen 


4.21 (0.90) 


5.03 (0.09) 


12.12(7.25) 


Kidney 


3.20 (1.41) 


8.99 (0.08) 


12.64 ( 1.66) 


Lung 


7.09 (2.10) 


9.94 (0.12) 


6.15(2.52) 



(1) Values shown are mean (tSD) for n = 10. 

(2) Data from Esteban, et_al., J. Nucl. Med., 28. 861 (1987). Values shown are mean (±SEM) for n 
= 3 or 4. 111 In labelling was accomplished via a benzylisothiocyanate derivative of DTPA. 

(3) Data from Brown, et al. , Cancer Res.. 47, 1 149 (1987). Values shown are mean (±SD) for n = 
5. 111 In labelling was accomplished via the bicyclic anhyride of DTPA. 



It is apparent from the data in Table 3 that the indium-1 1 1 labelled B72.3 composition of the present 
20 invention provides a biodistribution pattern that is comparable to, and in some cases superior to. those 
obtained with indium-1 11 labelled B72.3 compositions known to the art which have undergone extensive 
post-labelling purification. Blood levels are generally comparable for all three compositions, as are the tumor 
uptake values given the high degree of variability inherent in such tumors that is reflected in the standard 
deviations. Significantly, uptake into organs of the reticuloendothelial system (primarily the liver and spleen) 
25 is lowest for the compositions of the present invention, which is advantageous since high uptake into these 
organs causes severe background problems in scintigraphic studies. The origin of the relatively high kidney 
activity seen with both prior art compositions is unclear, although this may reflect indium activity which has 
become separated from the antibody and retained in the kidney by the mechanisms normally involved in 
resorption of endogeneous metal ions. 

30 

EXAMPLE 5 



In this example, monoclonal antibody A6H which recognizes an antigen present on renal cell carcinoma 
and has been described in detail by Vessella. et al. , Cancer Res., 45, 6131 (1985), was reacted at varying 

35 mole ratios with a benzylisothiocyanate derivative of DTPA in order to establish the optimum number of 
chelating groups that could be incorporated into this particular IgG molecule without loss of immunoreac- 
tivity. The resulting conjugates were purged of contaminating metals then formulated into compositions for 
indium-1 11 labelling. Test labellings were then performed in order to evaluate which of the conjugates 
provided acceptable radiochemical yields of indium-1 1 1 labelled A6H. 

40 The IgG, murine monoclonal antibody in 0.1 M KH 2 P0 4 /0.1 M NaHC0 3 buffer, pH 8.5, was reacted for 
3 hours at 37 *C with varying amounts of the benzylisothiocyanate derivative of DTPA. The resulting 
antibody-DTPA conjugates were then dialysed for 48 hours at 2-8 • C against a 0.1 M solution of DTPA in 
0.05 M citrate buffer. pH 6.0, then for a further 6 days at 2 to 8* C against 0.05 M citrate, pH 6.0. The 
concentration of each conjugate was adjusted to 5 mg/ml then each preparation was evaluated by the 

45 cobalt-57 binding assay of Meares, et al. , Anal. Biochem., 142, 68 (1984), to assess the average number of 
chelators per IgG molecule, and by ELISA assays on microtiter plates bearing immobilized renal cell 
carcinoma cells, to assess immunoreactivity. Finally, test labellings with indium-1 11 chloride (AEC) were 
performed according to the method of Example 1 . These data appear in Table 4. 



so Table 4 



Mole ratio of DTPA-SCN:lgG 
Used in the Conjugation 


Average Number of DTPA Groups 
per IgG Molecule in the Conjugate 


% Immunoreactivity 


Radiochemical 
yield (%) 


5:1 


0.5 


100 


27 


25:1 


3.0 


100 


98 


50:1 


3.5 


100 


98 
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It is apparent that either of the conjugates obtained at 25:1 and 50:1 mole ratios of chelator to antibody 
provide acceptable compositions for use without further purification. 

EXAMPLE 6 

In this example, an IgGi murine monoclonal antibody raised against the human lung adenocarcinoma 
cell line, CALU-3, was taken through the optimization procedure described in Example 5. The antibody in 
0.1 M KH2PO4/O.I M NaHC0 3 buffer, pH 8.5, was reacted for 3 hours at 37'C with varying amounts of 
benzylisothiocyanate derivative of DTPA. The resulting antibody DTPA conjugates were dialyzed for 48 
hours at 2-8 *C against a 0.1 M solution of DTPA in 0.05 M citrate buffer, pH 6.0. The concentration of each 
conjugate was then adjusted to 5 mg/ml and each was evaluated by the cobalt-57 binding assay, by ELISA 
assays on plates coated with immobilized CALU-3 cells and by test labellings with indium-111 chloride 
according to the method of Example 1 . The radiochemical yield of the 6.0:1 chelator to antibody conjugate 
was determined according to the method of Meares, et al. These data appear in Table 5. 

Table 5 



Mole ratio of DTPA-SCN:lgG 
Used in the Conjugation 


Average Number of DTPA 
Groups per IgG Molecule 
in the Conjugate 


% Immunoreactivity 


Radiochemical yield (%) 


25:1 


0.1 


70 


ND 


50:1 


2.2 


60 


ND 


75:1 


6.0 


50 


94 



EXAMPLE 7 

In this example, the F(ab'>2 fragment of an IgGi murine monoclonal antibody to CEA was derivatized 
with the benzylisothiocyanate derivative of DTPA that was employed in labelling the whole antibodies 
according to Example 1 . The resulting fragment conjugate was purified to remove contaminating metals and 
formulated into a composition suitable for labelling with indium-111 in high radiochemical yield. 

The fragment, at a concentration of 5 mg/ml in 0.1 M KH 2 P04/NaHC0 3 buffer, pH 8.5, was reacted with 
the benzylisothiocyanate derivative at a mole ratio of 40:1 for 3 hours at 37 *C. The resulting fragment- 
DTPA conjugate was then dialysed for 48 hours at 2-8 *C against a 0.1 M solution of DTPA in 0.05 M citrate 
buffer, pH 6.0. The concentration of the chelator-fragment conjugate was then adjusted to 5 mg/ml. 
Subsequent analysis showed that the conjugate retained all of the immunoreactivity of the native (i.e. 
underivatized) fragment and contained an average of 8 chelating groups per F(ab'h molecule. A test 
labelling with indium-111 chloride under the conditions described in Example 1 gave a radiochemical yield 
of indium-1 1 1 labelled fragment of 95% when tested according to the TLC method of Meares, et al. 

EXAMPLE 8 

In this example, a B72.3-DTPA composition prepared as described in Example 3 was formulated into a 
"cold" kit for the preparation of an injectable solution of indium-111 labelled B72.3. In this context, a cold kit 
refers to a composition which is not itself radioactive but which is intended to be mixed with an appropriate 
radioisotope immediately prior to injection into a patient. 

A conjugate composition according to Example 3 was prepared under sterile conditions using de- 
pyrogenated buffers and glassware. The resulting solution was filled under sterile conditions into 5 ml glass 
vials which had been acid washed, baked and sterilized in an autoclave. The fill size was 0.6 ml per vial and 
the conjugate concentration was 1 0 mg/ml. Each vial was then sealed with a rubber septum which had been 
depyrogenated by washing with sodium hydroxide solution and sterilized in an autoclave. The rubber 
closure was then sealed to the vial by a metal ferrule. Each vial so prepared then constituted a cold kit 
suitable for the preparation of a single dose of indium-111 labelled B72.3 when used in conjunction with 
indium-111 chloride supplied by a radioisotope vender. 

Test labellings were performed with 5 mCi aliquots of an indium-1 1 1 solution on eleven such kits over a 
3 month period and radiochemical yields were determined according to the method of Meares, et al. These 
data appear in Table 6, below. 
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Table 6 



5 



w 



15 



Kit No. 


Source of In-1 1 1 Chloride 


Radiochemical 
Yield (%) 


1 


AfcO 


yo 


2 


AEC 


94 


3 


AEC 


98 


4 


AEC 


98 


5 


NEN 


95 


6 


NEN 


98 


7 


NEN 


97 


8 


NEN 


99 


9 


MP 


97 


10 


MP 


98 


11 


MP 


94 



The radioisotope suppliers are abbreviated as in Example 1 . The mean radiochemical yield of indium- 
111 B72.3 over all eleven labellings was 96.5% (SD = 2%). Each indium-111 labelled dose was tested for 
pyrogen icity by the USP rabbit pyrogen test and for sterility by culturing out an aliquot of the material. All 
eleven preparations were found to be sterile and apyrogenic. 

EXAMPLE 9 

In this example, an anti-CEA monoclonal antibody conjugate with the DTPA isothiocyanate derivative 
prepared as described in Example 1 was formulated into a "hot" kit for providing an injectable solution of 
indium-1 1 1 labelled anti-CEA. In this context, a hot kit denotes a radiopharmaceutical which is provided to 
the user in a radioactive form. Thus, unlike a cold kit which must be labelled with the radionuclide on-site 
by the user, a hot kit involves minimal manipulation of the patient dose by the on-site nuclear pharmacy. 
Hot kits will typically be prepared on a large scale at a central location and distributed to the end users on 
demand. This in turn requires that the radiolabelted material possess sufficient stability to permit it to be 
inventoried for a reasonable period of time. For an indium-111 hot kit, a reasonable production schedule 
would call for the preparation of one lot per week, such that at the end of the 7 day shelf life, the product 
would have undergone approximately 3 half-lives of radioactive decay. Therefore, the objective was to 
develop a hot kit formulation for indium-1 1 1 labelled anti-CEA that would retain immunoreactivity and stable 
binding of the indium label over a period of 7 days post-labelling. 

The anti-CEA-DTPA conjugate used in this study contained an average of 4 DTPA groups per antibody. 
The conjugate was dialysed into 0.05 M citric acid/0.1 M sodium bicarbonate buffer pH 6.0, and the 
concentration was adjusted to 5 mg/ml. The conjugate was then labelled with indium-111 by addition of 
indium-111 chloride and incubation for 30 minutes at room temperature. The resulting indium-111 labelled 
anti-CEA preparation was aliquoted into vials, at a fill size of 1.0 ml/vial. The initial specific activity was 
22.32 mCi per 5 mg of antibody. Because the hot kit requires higher initial specific activity and the addition 
of increased quantities of m 1nCI 3 introduces elevated levels of acidity to the conjugate solution it was 
necessary to incorporate a sodium bicarbonate buffer into the conjugate solution so as to prevent the loss 
of immunological activity as a consequence of lowered pH. The percent of indium-1 1 1 specifically bound to 
the antibody and its immunoreactivity were measured, by the chelator challenge/TLC assay of Meares, et 
al., and the ELISA assay respectively, immediately post-labelling and at 1, 2, 3, 5 and 7 days. These data 
appear in Table 7. 



55 
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Table 7 



Days 
Post-Labelling 


% lndium-1 1 1 Bound 
to Antibody 


Antibody Imnunoreactivity (%) 


0 


93 


100 


1 


92 


100 


2 


95 


100 


3 


92 


100 


5 


95 


100 


7 


94 


100 



Since the labelling efficiency and immunoreactivity of the preparation remained unaltered over a 7 day 
period of storage in solution at 2-8 • C, and since the specific activity afrer 7 days (4.01 mCi/5 mg) remained 
75 within acceptable limits, the formulation of this example constitutes a viable hot kit for the provision of an 
injectable dose of indium-1 1 1 anti-CEA antibody. 

EXAMPLE 10 

20 In this example, an anti-CEA conjugate with the benzylisothiocyanate derivative of DTPA was prepared, 
purged of contaminating metal ions and formulated into a composition for radiometal labelling. The resulting 
composition was then labelled with the gamma-emitting radionuclide, gallium-67. 

An anti-CEA-DTPA conjugate was prepared and purified as described in Example 1. The resulting 
material contained an average of 5 DTPA groups per IgG molecule and retained all of the immunoreactivity 

25 of the native anti-CEA antibody. This conjugate, at a concentration of 5 mg/ml in 0.05 M citrate buffer, pH 
6.0 was labelled with gallium-67 chloride (New England Nuclear) by mixing 0.1 ml of the conjugate solution 
with 0.5 mCi of gallium-67 and incubating the resulting solution at room temperature. Aliquots of the solution 
were removed at 1 hour and 24 hours post-labelling and the radiochemical yield of gallium-67 labelled 
antibody was assessed using the same chelator challenge/TLC procedure employed in testing the indium- 

30 111 labelled conjugates. These data appear in Table 8. 

Table 8 



Hours Post-Labelling 


% 67 Ga Incorporation 
into Antibody 


1 

24 


73 
95 



40 

The 95% radiochemical yield attained at 24 hours post-labelling was confirmed by HPLC on a Bio-Rad 
TSK 250 sizing column. It is concluded that an acceptable gallium-67 labelled anti-CEA composition was 
obtained that would be suitable for use without additional post-labelling purification. 

45 EXAMPLE 1 1 

In this example, the influence of the concentration of antibody-bound chelating groups on the 
radiochemical yield of indium-1 11 labelled antibody was determined for conjugates formed by the ben- 
zylisothiocyanate derivative of DTPA with an anti-CEA antibody and with B72.3. The anti-CEA and B72.3 

so conjugates were prepared and purified as described in Examples 1 and 2, respectively. The anti-CEA-DTPA 
conjugate contained an average of 5 DTPA groups per IgG molecule and was at an initial concentration of 5 
mg/ml in 0.05 M citrate buffer, pH 6.0, (molar concentration of DTPA = 1.56 x 10" 4 M). The B72.3-DTPA 
conjugate contained an average of 3 DTPA groups per IgG molecule and was at an initial concentration of 
10 mg/ml in 0.05 M citrate buffer, pH 6.0, (molar concentration of DTPA = 1.88 x 10 -4 M). Serial 2-fold 

55 dilutions of each conjugate were made in 0.05 M citrate, pH 6.0, as diluent. A 0.1 ml aliquot of each of the 
resulting solutions was labelled with indium-1 11 by addition of indium-1 11 chloride (NEN) and incubation at 
room temperature for 30 minutes. For B72.3 the amount of added indium-1 11 chloride was 9 ul (1.2 mCi), 
for the anti-CEA antibody, 4.5 ul (0.6 mCi of indium-111 activity was used. The radiochemical yield 
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obtained at each concentration was then determined by the chelator challenge/TLC procedure. These data 
appear in Tables 9 and 10. 

Table 9 



Molar Concentration of Anti-CEA Bound DTPA Groups 


Radiochemical Yield of 
lndium-1 1 1 Anti-CEA (%) 


1.56 x 10"* 


98 


7.80 x 10~ s 


98 


3.90 x10" 5 


97 


1.95 x 10~ s 


98 


9.75 x 10" 6 


98 


4.87 x 1CT 5 


93 


2.43 x 1CT 6 


18 


1.22 x 10~ 6 


6 


6.10 x 10" 7 


10 


3.05 x 10" 7 


1.5 



Table 10 



Molar Concentration of B72.3-Bound DTPA Groups 


Radiochemical Yield of 
lndium-111 B72.3 (%) 


1.88 x 10"* 


98 


9.40 x 10" 5 


98 


4.70 x 10" 5 


98 


2.35 x 10" 5 


97 


1.17 x 10" 5 


25 


5.87 x 10" e 


10 


2.94 x 10~ 6 


5 



It is noteworthy that for each conjugate, there was a narrow and critical chelator concentration range 
wherein the yield of labelled antibody fell dramatically. It is also noteworthy that this critical concentration 
was significantly different for B72.3 (approximately 2 x 10~ 5 M) than it was for the anti-CEA antibody 
(approximately 4 x 10~ 6 M). It is highly unlikely that this disparity resulted from the slight difference in the 
quantities of indium-1 1 1 added to each conjugate (1 .2 mCi vs. 0.6 mCi). 

Imaging of small, malignant lesions in a human subject in order to treat or cure the malignancy is a 
prime objective in current cancer treatment. If a malignant lesion or tumor can be detected at a very early 
stage, treatment through surgery, chemotherapy, radiation or other methods can be performed. A method 
using the present invention, by substituting a cytotoxic or therapeutic agent for the radioactive imaging 
moiety of the conjugate is another treatment that may be useful in curing cancer. The present invention 
images small malignant legions with tumor masses from about 0.5 cm in diameter. 

Imaging malignant lesions that lie in the liver using radiolabeled metal chelate antibodies is particularly 
difficult because the radioactivity tends to accumulate in normal liver tissue and therefore prevents 
detection. However, the conjugates of the present invention have been shown to avoid this problem and, 
when administered to a patient having one or more malignant lesions, are characterized by a consistent 
ability to image these legions as positive accumulations of radioactivity. Also, these conjugates display a 
serum radioactivity clearance curve that is essentially monophasic over a three day period from the time of 
administration. 

These conjugates, or imaging agents, are also characterized by an initial volume of distribution and a 
serum clearance curve that are independent of the antibody dose; a serum half-life of from 20 hours to 60 
hours in the patient; and an initial volume of distribution that approximates the circulating plasma volume of 
the patient. 

In malignant lesions that lie in the liver or that may be found at other sites in the body and that express 
CEA, '"Indium/OTPA-isothiocyanate/anti-CEA antibody conjugate solutions prepared according to the 



21 



EP 0 315 188 B1 



method of Example 1 can be used as the imaging agent of choice. It is preferable to image patients that 
have serum CEA levels of less than approximately 1000 ng/cc and more preferable if the serum CEA levels 
are less than 500 ng/cc. A method for imaging these lesions comprises the steps of administering the 
imaging agent to the patient, scanning the patient with current or conventional scanning means and then 

5 identifying said lesions or tumors. 

CEA conjugate solutions lose their activity in human patients if improperly handled, especially when 
frozen and thawed. It is believed that proper handling of ail imaging and therapeutic agents of the present 
invention is needed to obtain satisfactory results. 

Metal chelate labeled antibodies have been administered to patients for use in clinical radioim- 

70 munodetection studies, as shown in the following examples. 

Example 12 

Patient 1 , in Table 1 1 , underwent surgery to remove an adenocarcinoma of the sigmoid colon. At the 
75 time of initial surgery, an abdominal computerized tomography (CT) scan was negative for metastatic 
disease. 

Postoperatively, the patient had a serum CEA level of 7.6 ng/cc. Approximately three months after 
primary surgery, the patient's serum CEA level reached 23.5 ng/cc, while CT scans remained negative for 
any tumor site. 

20 The patient was infused, over a twenty minute period, with 5.0 mg of an 1l1 lndium/DTPA- 
isothiocyanate/anti-CEA antibody conjugate solution, as prepared by the method of Example 1. A nuclear 
sen of the patient indicated a tumor site in the left lobe cf the liver. This was verified by an MRI scan and 
subsequently removed at surgery. Postoperative CEA levels dropped to 1 .3 ng/cc. 

25 Examples 13-20 

Table 11 describes the clinical histories of patients 1 through 9. The progression of each patient's 
disease is roughly equivalent, stepwise, to patient 1 as described in Example 12. 

After the initial surgery removing each patient's carcinomas, each patient's post-operative serum CEA 
30 levels returned to normal levels. At some time after initial surgery, the serum CEA levels began to rise to 
abnormal levels. Although new tumors were suspected because of the rising serum CEA levels, conven- 
tional scanning techniques were unable to identify the new tumor sites. 

l11 lndium/DTPA-isothiocyanate/anti-CEA antibody conjugate solutions of the present invention were 
administered to these patients and new tumor sites were identified. The newly identified tumors were 
35 confirmed through surgery or biopsy. 

TABLE 11 



Anti-CEA Conjugate Solution Testing for Non-Detectable Tumor 


Pt. No. 


Primary Cancer 


Rising Pre-Scan 


Conjugate 


Conjugate Scan Results 






CEA Level (ng/cc) 


Dose (5m Ci) 




1 


AC* of sigmoid colon 


23.5 


5 mg 


Single mass -liver. 


2 


AC* of rectosigmoid 


25 


5 mg 


5 masses in chest area; liver infiltration 


3 


Rectal carcinoma 


145 


5 mg 


2 masses, Pre Sacrum, sacroiliac joint 


4 


AC" of sigmoid colon 


2546 


10 mg 


Immune Complex Deposition; Negative 










Image; Multiple 3-4 cm liver mts"". 


5 


AC" of rectum 


9.8 


10 mg 


1 pelvic lymph node 


6 


Carcinoma of rectum 


56 


10 mg 


1 mass 


7 


AC" of sigmoid colon 


53 


10 mg 


Multiple mts", liver. 


8 


AC* of Rectum 


28 


20 mg 


1 mass, sacroiliac joint 


9 


AC" of sigmoid 


499 


20 mg 


1 mass, liver, colon 



"AC = adenocarcinoma 
55 "Mts = metastases 
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Example 21 

Although it is preferred that only patients with CEA levels of less than 1000 ng/cc be imaged using this 
method, patient 4, with a CEA level of 2546 ng/cc. was tested. This patient was known to have a rapid, 
5 progressive disease originating from an adenocarcinoma of the sigmoid colon. The principal findings were a 
greatly shortened serum half-life (Table 12) due to formation of immune complexes and elevated accumula- 
tion of radioactivity in the liver and the spleen. Nevertheless, multiple liver lesions were seen as filling 
defects in the scan and were later confirmed through biopsy. 

;o Example 22 

Serum clearance times and the volume of distribution were calculated for each of patients 1-9, 
characterizing the kinetic behavior of the conjugate. 
The results are shown in Table 1 2. 
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TABLE 12 



Clearance of Conjugate From Patient 


Pt No. 


CEA Levels (ng/cc) 


Serum Clearance Time (T 1/2 ) Hours 


Volume of Distribution (Litres) 


1 


24 


37 


2.46 


2 


25 


36 


3.21 


3 


145 


29 


3.75 


4 


2546 


6 


3.35 


5 


9.8 


62 


3.13 


6 


56 


34 


3.80 


7 


53 


36 


3.10 


8 


28 


34 


2.11 


9 


499 







The disappearance of the radiolabeled monoclonal antibody conjugate solution from serum dem- 
onstrates first order elimination kinetics, with a mean half life of 38 hours. The elimination half life was not 
affected by the dose administered when serum CEA levels were less than 500 ng/cc. 
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Claims 

1. A method of preparing an aqueous solution of metal/chelator/antibody conjugate for use in diagnostic 
and therapeutic techniques comprising less than 5% free or adventitiously bonded metal ions without 

40 post-chelation purification, said method comprising the step of incubating under conditions selected for 
the chelation of metal ions: 

(1) a first solution of chelator/antibody conjugate characterized by having an average of two or more 
chelator groups per antibody and having a chelator concentration of greater than 10~* M and 
produced according to the process of 

45 (a) exposing a solution of chelator/antibody conjugate having an average of two or more chelator 

groups per antibody to a solution of unconjugated chelating agent with a concentration greater 
than 0.01 M in a weakly chelating buffer, 

(b) separating the chelator/antibody conjugate from the solution of unconjugated chelating agent, 
and 

so (c) adjusting the concentration of the antibody bound chelating groups to greater than 10 _ * M; 

and 

(2) a second solution of metal salt. 

2. The method according to Claim 1 wherein said metal is a radiometal. 

55 

3. The method according to Claim 1 wherein said metal is 111 indium. 
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4. The method according to Claim 1 wherein said second solution is a solution of commercially available 
n1 indium salt characterized by a radioactivity greater than 30 mCi/ml and wherein the ratio by volume 
of said first solution to said second solution is greater than 5 to 1 and wherein said solutions are 
incubated for a period of less than 30 minutes. 

5. The method according to Claim 1 wherein said chelator is selected from the group consisting of 
derivatives of diethylenetriaminepentaacetic acid and ethylenediaminetetraacetic acid. 

6. The method according to Claim 1 wherein said antibody is selected from the group consisting of B72.3 
and monoclonal antibodies specific for carcinoembryonic antigen. 

7. A kit for preparation of an injectable solution of a metal labelled antibody comprising: 

(1) a sterile apyrogenic solution of a chelator/antibody conjugate characterized by having an average 
of two or more chelator groups per antibody and having a chelator concentration of greater than 
10~ 4 M and produced according to the process of: 

(a) exposing a solution of chelator/antibody conjugate having an average of two or more chelator 
groups per antibody to a solution of unconjugated chelating agent with a concentration greater 
than 0.01 M in a weakly chelating buffer, 

(b) separating the chelator/antibody conjugate from the solution of unconjugated chelating agent, 
and 

(c) adjusting the concentration of the antibody bound chelating groups to greater than 10 4 M; 
and 

(2) a container which preserves the sterility and apyrogenicity of the solution and has provision for 
the aseptic introduction of said metal and aseptic removal of the labelled antibody. 

a A kit for preparation of an injectable solution of a metal labelled antibody comprising: 

(1) a sterile apyrogenic aqueous solution of a metal ion/chelator/antibody conjugate produced by 
chelation of a first metal ion solution with a second solution of a chelator/antibody conjugate 
characterized by having an average of two or more chelator groups per antibody and having a 
chelator concentration of greater than 10~* M and produced according to the process of: 

(a) exposing a solution of chelator/antibody conjugate having an average of two or more chelator 
groups per antibody to a solution of unconjugated chelating agent with a concentration greater 
than 0.01 M in a weakly chelating buffer, 

(b) separating the chelator/antibody conjugate from the solution of unconjugated chelating agent, 
and 

(c) adjusting the concentration of the antibody bound chelating groups to greater than 10" 4 M; 
and 

(2) a container which preserves the sterility and apyrogenicity of the solution and has provision for 
the aseptic removal of the labelled antibody. 

9. The kit according to Claim 8 wherein said first solution comprises 11 indium and is characterized by a 
radioactivity of greater than 30 mCi/ml and wherein the ratio by volume of said second solution to said 
first solution is greater than 5 to 1 . 

Patentanspriiche 

1. Ein Verfahren zur Preparation einer waBrigen Losung eines Metall/Chelator/Antikorper-Konjugats fur die 
Verwendung in diagnostischen und therapeutischen Methoden, die weniger als 5 % freie Oder zufallig 
gebundene Metallionen ohne Reinigung nach der Chelatbildung enthalt, wobei das Verfahren den 
Schritt der Inkubation unter ausgewahlten Bedingungen fQr die Chelatbildung von Metallionen umfaBt: 
(1) eine erste Losung von Chelator/Antikorper-Konjugat, die dadurch.gekennzeichnet ist, dafi sie im 
Mittel zwei Oder mehr Chelatorgruppen je Antikorper enthalt und eine Chelatorkonzentration groBer 
ais 10"* M aufweist. und hergestellt ist gemaB einem Verfahren umfassend: 

(a) Aussetzung einer Losung von Chelator/Antikorper-Konjugat mit im Mittel zwei Oder mehr 
Chelatorgruppen je Antikorper gegenuber einer Losung von nicht konjugierten Chelatbildnern mit 
einer Konzentration groBer als 0,01 M in einem schwachem Chelatpuffer, 

(b) Trennung des Chelator/Antikorper-Konjugats von der Losung des nicht konjugierten Chelat- 
bildners. und 
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(c) Einstellung der Konzentration der an Antikorper gebundenen Chelatgruppen auf mehr als 10~* 
M; und 

(2) eine zweite Losung von Metallsalz. 

2. Das Verfahren nach Anspruch 1 , worin das Metal I ein radioaktives Metal I ist. 

3. Das Verfahren nach Anspruch 1, worin das Metall 111 Indium ist. 

4. Das Verfahren nach Anspruch 1, worin die zweite Losung eine Losung von kommerzieli erhaltiichem 
m lndiumsalz ist, gekennzeichnet durch eine Radioaktivitat groBer als 30 mCi/ml, und worin das 
Volumenverhaltnis von der ersten Losung zur zweiten Losung groBer als 5 zu 1 ist. und worin die 
Losungen fur einen Zettraum weniger als 30 Minuten inkubtert werden. 

5. Ein Verfahren nach Anspruch 1 , worin der Chelator aus der Gruppe, bestehend aus den Derivaten von 
Dietyhlentriaminpentaessigsaure und Ethylendiamintetraessigsaure, gewahlt wird. 

6. Ein Verfahren nach Anspruch 1, worin der Antikorper aus der Gruppe, bestehend aus B72.3 und aus fur 
das karzinoembryonale Antigen spezifischen monoklonalen Antikorpern, gewahlt wird. 

7. Ein Kit fiir die Preparation einer injizierbaren Losung von metallmarkierten Antikorpern bestehend aus: 

(1) einer sterilen apyrogenen Losung eines Chelator/Antikorper-Konjugats, die dadurch gekennzeich- 
net ist, daB sie im Mittet zwei Oder mehr Chelatorgruppen je Antikorper enthalt und eine Chelator- 
konzentration von mehr als 10~ 4 M aufweist, und hergestellt ist gemaB einem Verfahren, umfassend: 

(a) Aussetzung einer Losung von Chelator/Antikorper-Konjugat mit im Mittel zwei Oder mehr 
Chelatorgruppen je Antikorper gegenuber einer Losung von nicht konjugierten Chelatbildnern mit 
einer Konzentration grofier als 0,01 M in einem schwach chelatbildenden Puffer, 

(b) Trennung des Chelator/Antikorper-Konjugats von der Losung des nicht konjugierten Chelat- 
bildners, und 

(c) Einstellung der Konzentration der an Antikorper gebundenen Chelatgruppen auf mehr als 10~ 4 
M und 

(2) einem Behalter, der die Sterilitat und Apyrogenitat der Losung erhalt, und Mittel fur die 
aseptische Einfuhrung des Metalls und aseptische Entnahme des markierten Antikorpers aufweist. 

8. Ein Kit fiir die Preparation einer injizierbaren Losung von metallmarkierten Antikorpern bestehend aus: 

(1) einer sterilen apyrogenen waBrigen Losung eines Metal lion/Chelator/Antikorper-Konjugats, die 
durch die Chelatbildung einer ersten Metallionenlosung mit einer zweiten Losung eines Chela- 
tor/Antikorper-Konjugats hergestellt wurde, die dadurch gekennzeichnet ist, daB sie im Mittel zwei 
Oder mehr Chelatorgruppen je Antikorper enthalt und eine Chelatorkonzentration von mehr als 10"* 
M aufweist, und hergestellt wurde gemaB einem Verfahren, umfassend: 

(a) Aussetzung einer Losung von Chelator/Antikorper-Konjugat mit im Mittel zwei Oder mehr 
Chelatorgruppen je Antikorper gegenOber einer Losung von nicht konjugierten Chelatbildnern mit 
einer Konzentration groBer als 0,01 M in einem schwach chelatbildenden Puffer, 

(b) Trennung des Chelator/Antikorper-Konjugats von der Losung des nicht konjugierten Chelat- 
bildners, und 

(c) Einstellung der Konzentration der an Antikorper gebundenen Chelatgruppen auf mehr als 10"* 
M; und 

(2) einem Behalter, der die Sterilitat und Apyrogenitat der Losung erhalt, und Mittel fOr die 
aseptische Entnahme des markierten Antikorpers aufweist. 

9. Ein Kit nach Anspruch 8, worin die erste Losung l11 lndium enthalt und durch eine Radioaktivitat groBer 
als 30 mCi/ml gekennzeichnet ist, und worin das Volumenverhaltnis von der zweiten Losung zur ersten 
Losung groBer als 5 zu 1 ist. 

Revendications 

1. Methode de preparation d'une solution aqueuse d'un conjugue* anticorps/chelateur/metal a utiliser dans 
des techniques diagnostiques et therapeutiques. comprenant moins de 5 % d'ions metalliques libres ou 
lies de facon fortuite, sans purification apres la chelation, ladite methode comprenant I'etape selon 
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laquelle on fait incuber dans des conditions chotsies pour la chelation des ions metalliques: 

(1) une premiere solution de conjugue anticorps/chelateur caracterisee en ce qu'elie contient en 
moyenne deux ou plusieurs groupes chelateurs par anticorps et en ce qu'elie a une concentration 
de chelateur superieure a 10~* M, et qui est produite par le precede selon lequel 

5 (a) on expose une solution de conjugue anticorps/chelateur ayant en moyenne deux ou plusieurs 

groupes chelateurs par anticorps a Taction d'une solution d'agent chelatant non conjugue ayant 
une concentration superieure a 0,01 M dans un tampon faiblement chelatant, 

(b) on separe le conjugue anticorps/chelateur de la solution d'agent chelatant non conjugue, et 

(c) on ajuste la concentration des groupes chelatants lies a I'anticorps a une valeur superieure a 
w 10"* M; et 

(2) une seconde solution d'un sel metaJlique. 

2. Methode selon la revendication 1 , dans laquelle ledit metal est un metal radioactil 
75 X Methode selon la revendication 1, dans laquelle ledit metal est le 11l indium. 

4. Methode selon la revendication 1, dans laquelle ladite seconde solution est une solution d'un sel de 
in indium dispontble dans le commerce caracterisee par une radioactivite superieure a 30 mCi/ml, et 
dans laquelle le rapport en volume de ladite premiere solution a ladite seconde solution est superieur 

20 au rapport de 5 a 1 , et dans laquelle on fait incuber lesdites solutions pendant une periode inferieure a 
30 minutes. 

5. Methode selon la revendication 1 , dans laquelle ledit chelateur est choisi dans le groupe constitue* par 
des derives de I'acide diethylenetriaminepentacetique et de Tacide ethylenediaminetetracetique. 
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6. Methode selon la revendication 1 , dans laquelle ledit anticorps est choisi dans le groupe constitue* par 
le B72.3 et les anticorps monoclonaux specifiques de I'antigene carcino-embryonnaire. 

7. Trousse pour la preparation d'une solution injectable d'un anticorps marque avec un metal, compre- 
30 nant: 

(1) une solution sterile apyrogene d'un conjugue anticorps/chelateur caracterisee en ce qu'elie 
contient en moyenne deux ou plusieurs groupes chelateurs par anticorps et en ce qu'elie a une 
concentration de chelateur superieure a 10 - * M, et qui est produite par le procede selon lequel 

(a) on expose une solution de conjugue anticorps/chelateur ayant en moyenne deux ou plusieurs 
35 groupes chelateurs par anticorps a Taction d'une solution d'agent chelatant non conjugue ayant 

une concentration superieure a 0,01 M dans un tampon faiblement chelatant, 

(b) on separe le conjugue anticorps/chelateur de la solution d'agent chelatant non conjugue, et 

(c) on ajuste la concentration des groupes chelatants ties a I'anticorps a une valeur superieure a 
10"* M; et 

40 (2) un recipient qui preserve le caractere sterile et apyrogene de la solution et qui est prevu pour 

('introduction aseptique dudit metal et la separation aseptique de I'anticorps marque. 

8. Trousse pour la preparation d'une solution injectable d'un anticorps marque avec un metal, compre- 
nant: 

45 (1) une solution aqueuse apyrogene sterile d'un conjugue anticorps/cheiateur/ion metallique produit 

par chelation d'une premiere solution d'ions metalliques avec une seconde solution d'un conjugue 
anticorps/chelateur caracterisee en ce qu'elie contient en moyenne deux ou plusieurs groupes 
chelateurs par anticorps et en ce qu'elie a une concentration de chelateur superieure a 10~* M, et 
qui est produite par le procede selon lequel 
so (a) on expose une solution de conjugue anticorps/chelateur ayant en moyenne deux ou plusieurs 

groupes chelateurs par anticorps a Taction d'une solution d'agent chelatant non conjugue ayant 
une concentration superieure a 0,01 M dans un tampon faiblement chelatant, 

(b) on separe le conjugue anticorps/chelateur de la solution d'agent chelatant non conjugue, et 

(c) on ajuste la concentration des groupes chelatants lies a I'anticorps a une valeur superieure a 
55 10~* M; et 

(2) un recipient qui preserve le caractere sterile et apyrogene de la solution et qui est prevu pour la 
separation aseptique de I'anticorps marque. 
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Trousse selon la revendication 8, dans laquelle ladite premiere solution comprend du 1 "indium et est 
caracterisee par une radioactivite superieure a 30 mCi/ml, et dans laquelle le rapport en volume de 
ladite seconde solution a ladite premiere solution est superieur au rapport de 5 a 1 . 
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